ABSTRACT: Young sows are subordinate and vulnerable in group-housing systems because they usually lose most fi ghts and suffer more injuries than mature sows at mixing. This study was conducted to evaluate effects of sorting by parity on reducing aggression and associated stress with the aim to improve welfare and performance of fi rst-parity sows in a group-housed system. Sows and gilts (n = 180) from 6 breeding groups were used. Within each group, 2 groups of 15 females were mixed in each of 2 treatment pens after weaning and remained there throughout the entire gestation period. The control pen consisted of 11 multiparous and 4 fi rst-parity sows, and the treatment pen consisted of 11 gilts and 4 fi rst-parity sows. Before mixing and at the end of the gestation period, sows and gilts were weighed individually, assessed for BCS, and measured for backfat thickness. Injury scores were assessed before and 48 h after mixing and wean-tomating intervals, farrowing rate, and litter performance at the subsequent farrowing were recorded for all females. Aggressive interactions involving fi rst-parity sows were video recorded for 72 h immediately after mixing in each pen. Data were analyzed using the Glimmix procedure of SAS with a Poisson regression model for count data and a Gaussian model for continuous data. All females in treatment pens sustained fewer scratches (P = 0.01) after mixing than females in control pens. First-parity sows in treatment pens fought more frequently (P = 0.01), tended to fi ght for longer periods (P = 0.08), and won more fi ghts (P = 0.04) of parallel pressing but had fewer injures (P = 0.03) after mixing, gained more BW (P = 0.01) during gestation, and had greater farrowing rates (P = 0.03) compared with fi rst-parity sows in control pens. The results suggest that sorting by parity shielded fi rst-parity sows from severe injuries caused by mixing-induced aggression so that their welfare and performance can be improved in group housing systems.
INTRODUCTION
Young sows are subordinate and vulnerable in group housing systems. They usually lose most fi ghts at mixing, suffer more injuries, and have greater cortisol concentrations than mature sows (Edwards et al., 1994; Hemsworth et al., 2006; Strawford et al., 2008) . The initial aggression may result in the subordinate young sows becoming fearful of further confl icts while attempting to obtain feed, leading to inadequate feed intake and reproductive failure (Olsson and Svendsen, 1997 ). Failure of conception or lameness caused by initial aggression can result in young sows being culled prematurely, as is often observed in group housing systems (Spoolder et al., 1997; Strawford, 2006) . So protecting young sows from the initial aggression may improve their well-being and longevity in groupgestation housing systems.
Aggression among unfamiliar pigs is necessary to develop a dominant hierarchy within a group, so aggression among sows at mixing cannot be eliminated completely (Krauss and Hoy, 2011) . In most production systems, gilts are usually housed separately in group housing systems to prevent aggression from older sows (Luescher et al. 1990; Spoolder et al., 1997) . However, after the fi rst farrowing, fi rst-parity sows are usually housed in pens with older sows (Strawford et al., 2008; Li et al., 2011) . Average BW of fi rst-parity sows is 25% less than BW of mature sows (Li et al., 2010) and is more similar to BW of gilts than of mature sows. Therefore, it may be appropriate to house fi rst-parity sows with gilts rather than with mature sows to reduce social stress. In this study, we investigated effects of sorting by parity on aggression, associated stress, and performance of young sows in a group-housed gestation system.
MATERIALS AND METHODS
The Institutional Animal Care and Use Committee of the University of Minnesota reviewed and approved the experimental protocol for this study (IACUC no. 0907A69643).
Animals, Housing, and Facilities
The study was conducted at the University of Minnesota West Central Research and Outreach Center, Morris, from December 2009 through August 2011. All gestating sows and gilts (Yorkshire × Landrace) were group housed in a straw-bedded hoop barn. The gestation barn had 4 pens, which accommodated 15 sows or gilts per pen. Each pen was equipped with individual feeding stalls and a bowl drinker with 2 drinking spaces. Space allowance in each pen was 3.7 m 2 excluding the area occupied by feeding stalls and the water drinker. Every 10 wk, a batch of 35 to 40 females was mated within 5 d. Sows and gilts were provided 2.5 kg once daily between 0700 and 0900 h of a corn (Zea mays)-soybean (Glycine max) meal-based gestation diet formulated to meet Nutritional Requirement Council (NRC, 1998) nutritional requirements for gestating sows and gilts. Sows and gilts farrowed in a bedded, group-farrowing barn as described previously (Li et al., 2010) . In the group-farrowing barn, 8 sows from 1 gestation pen were housed in each of 3 identical rooms (9.8 × 11.0 m) where they farrowed in bedded, individual pens and shared 2 feeders (4 feeding spaces each) and 2 cup drinkers in a communal area. Farrowing pens were removed at 10 (±2.3 SD) d after farrowing so that sows and their piglets within each room mingled in a large group on bedded fl oors between pen removal and weaning at 33 (±2.3 SD) d of age. After weaning, sows were moved to the gestation hoop barn where they were bred in feeding stalls or in the pen.
Experimental Design
A blocked, nested design (Steel et al., 1996) was used for this study, with breeding group as block and fi rst-parity sows nested within each treatment in each block. Every 10 wk at weaning, 2 groups of 15 females were assigned to and mixed in each of 2 treatment pens (see below) within a block. The study was conducted in 6 blocks of 10 wk, yielding 6 replicates for each treatment. In total, 180 sows and gilts were used for data collection, with 90 animals assigned to each treatment. In this study, gilts were defi ned as females that had not had litters and were ready for breeding and fi rst-parity sows were defi ned as females that had 1 litter and weaned for the next breeding cycle. Sows and gilts remained in their assigned group throughout the entire gestation period. All sows used in the study had been housed in groups during their previous gestation. The gilts were group housed in pens in the gestation barn for at least 4 wk before being assigned to the study to ensure they were familiar with the housing system.
The control group (sow-pen) was a typical sow group as usually observed in a commercial setting, consisting of fi rst-parity and multiparous sows. Each pen consisted of 4 fi rst-parity and 11 multiparous (parity 2 to 10) sows. The treatment group (gilt-pen) consisted of 4 fi rst-parity sows and 11 gilts. Because familiarity to each other affects aggression among sows and gilts at mixing (Strawford et al., 2008) , each pen had approximately two-thirds unfamiliar dyads (unfamiliar pairs of animals), and the proportion of unfamiliar dyads was similar between control and treatment pens. Unfamiliar is defi ned as sows and gilts that had not been housed in the same group at least during the last 4 wk (Spoolder et al., 1996; Hoy and Bauer, 2005) . In this study, unfamiliar sows and gilts originated from different farrowing rooms or gestation pens, and housing during previous gestation was not considered in defi ning familiarity. Each control pen consisted of 5 or 6 sows that originated from each of 2 group-farrowing rooms and 4 fi rst-parity sows from a separate group-farrowing room. Similarly, treatment pens consisted of 5 or 6 gilts originating from each of 2 gestation pens and 4 fi rst-parity sows from a group-farrowing room.
Data Collection
Reproductive Performance. Standard production data, including wean-to-mating interval (from day of weaning to day of fi rst mating), gestation length (from day of fi rst mating to day of farrowing), BW gain during gestation, farrowing rate (number of sows farrowed as a percentage of the number of sows mated), and litter performance at the subsequent farrowing (born total, live, stillborn, and mummifi ed pigs per litter) were collected for all sows and gilts. Individual BW, BCS, and backfat thickness were recorded for all animals before mixing and before moving to the farrowing facility. The method to assess BCS followed that of Coffey et al. (1999) , which has been adopted by the National Pork Board in the Pork Quality Assurance Plus (National Pork Board, 2010) program. Body condition was scored 1 to 5 as 1 = emaciated (backbone and pin bones are visible), 2 = thin (backbone and ribs can be easily detected with pressure), 3 = fi t (backbone and ribs can be barely felt with fi rm pressure), 4 = fat (backbone and ribs cannot be detected with pressure), and 5 = very fat (obviously over weight). Backfat thickness was measured using an ultrasonic scanner (Lean-meater, Renco; Minneapolis, MN) at the P2 position, which was 65 mm down the left or right side from the midline, at the level of the head of the last rib, according to the standards of operation of the NSW Government (2011).
Injury Scores. All females in each pen were assessed for scratches before and 48 h after mixing. Scratches were assessed using the methodology of Hodgkiss et al. (1998) . The assessment combined scores of 0 to 3 from 12 surface regions of the body: 2 ears, snout, 2 shoulders, 2 fl anks, 2 hindquarters, back, tail, and vulva. The scoring system was 0 = no injury (skin unmarked: no evidence of injury from aggressive behavior), 1 = slight injury (less than 5 superfi cial wounds), 2 = obvious injury (5 to 10 superfi cial wounds or up to 3 deep wounds or both), and 3 = severe injury (more than 10 superfi cial wounds or more than 3 deep wounds or both). Previous studies (Turner et al., 2006; Stukenborg et al., 2011) indicated that dominant pigs usually sustain more skin lesions on the front part of their body and subordinate pigs have more skin lesions on the rear part of the body. To assess the relationship between outcome of fi ghts and injury caused by fi ghting, an injury score for the head and shoulders (by adding injury scores from 2 ears, snout, and 2 shoulders), an injury score for the remaining parts of the body (by adding injury scores from fl anks, hindquarters, back, tail, and vulva), and a total injury score for each animal was calculated. The possible maximal scores for the head and shoulders, for the remaining parts of the body, and for each sow were 15, 21, and 36, respectively.
Aggression at Mixing. Behaviors of sows and gilts at mixing were video recorded in all control and treatment pens. Mixing occurred approximately between 0930 and 1130 h on the day of weaning. Immediately after mixing, aggressive interactions among sows in each pen were recorded for 72 h using a digital camera (Hi-Res Bullet Cams 2505 with 3.6-mm lens and 480 lines at 0.01 lux; Sony, Taiwan), which was connected to a computer with a digital video recorder device and video-recording software (Geo Vision Multicam Digital Surveillance System V8.2; USA Vision Systems Inc., Irvine, CA). Video was recorded at 6 frames/s with lights on during the entire recording period. The video recording was viewed continuously to analyze all fi ghts involving fi rst-parity sows during each period of 0 to 6 h, 6 to 24 h, 24 to 48 h, and 48 to 72 h after mixing.
Due to technical reasons, video recording in 1 block was not successful, so data from 5 blocks were analyzed. Frequency, duration, and outcomes (winner, loser, and unsolved) of fi ghts were registered using the methods of Turner et al. (2006) . The winner was defi ned as the sow that pursued a retreating pig followed by any form of submissive behavior performed by the opponent, and the winner did not receive renewed aggression from the loser for 5 s or more. The loser was defi ned as the sow that fi rst stopped fi ghting, turned away from an attack, and tried to fl ee, and the loser did not show renewed aggression toward the winner for 5 s or more. An unsolved fi ght was defi ned as a standoff fi ght without a clear winner or loser. The intensity of aggression was assessed by parallel pressing, head-to-head knocking, and headto-body knocking according to the methods of Jensen (1980) . Parallel pressing was defi ned as sows that stand side-by-side and push hard with the shoulders against each other, generally performed with frequent bites. Head-to-head knocking was defi ned as a sow delivering rapid knocks with the snout against the head, neck, or ears of the receiver, generally performed with bites as accessory features. Head-to-body knocking was defi ned as a sow delivering rapid knocks with the snout against any parts of the body behind the ears of the receiver, generally performed with bites as accessory features. The intensity of aggression is greatest in parallel pressing, least in head-to-body knocking, and intermediate in head-to-head knocking (Jensen, 1980) . Total duration and frequency of pressing and knocking and outcomes of each fi ght during each period were calculated for all fi rst-parity sows in each pen.
Data Analysis
All data were tested for normal distribution with the univariate procedure of the SAS software package (SAS Inst. Inc., Cary, NC). Data that were not distributed normally were transformed using logarithm [X′ = Log10 (X + 0.1)] to achieve normal distribution (Zar, 1999) . Because the incidence of unsolved aggression was rare, the data were excluded from the analysis. The SAS Frequency procedure with χ 2 test was used to examine effects of treatment on farrowing rate. To analyze all other variables, the SAS Glimmix procedure was used. Within the Glimmix procedure, the Poisson regression model was used for analysis of count data and the Gaussian Model was used for analysis of continuous data. For injury scores, treatment effects on all females were tested with pen as the experimental unit and treatment effects on fi rst-parity sows were tested with fi rst-parity sows nested within each pen as the experimental unit. Treatment effects on injury scores after mixing were analyzed by using the injury score before mixing as a covariate. For analysis of ag-gressive interactions involving fi rst-parity sows, effects of treatment, time period after mixing, and their interactions were tested with pen serving as the experimental unit. For other variables, treatment effects on all females were tested with individual sow as the experimental unit and treatment effects on fi rst-parity sows were tested with fi rstparity sows nested within each pen as the experimental unit. In all cases, block (breeding group) was the random effect and differences between means were tested with the Tukey test. Signifi cant differences were identifi ed at P < 0.05 and trends at P < 0.10.
RESULTS
Among the 180 breeding females used in the study, 2 sows died during gestation. Data for BW, BCS, and backfat thickness before mixing, aggressive interactions at mixing, and injury scores before and after mixing were collected on 180 sows and gilts. Data of wean-tomating interval and farrowing rate were collected from the remaining 178 sows and gilts. Among the 178 sows involved in the entire gestation period of the study, 129 sows and gilts were pregnant and farrowed (Table 1) . Data for BW, BCS, and backfat thickness before farrowing, weight gain during gestation, and litter performance were collected on the 129 females that farrowed.
Comparison of All Females between Treatment and Control Pens
Reproductive Performance. Farrowing rate of all females in treatment pens was similar to farrowing rate in control pens (Table 1) . However, farrowing rate for fi rst-parity sows was greater in gilt-pens compared with fi rst-parity sows in sow-pens (94 vs. 67%; χ 2 = 4.75; P = 0.03). There was no difference in farrowing rate between multiparous sows in control pens and gilts in treatment pens (88 vs. 85%).
Gestation length and litter size at farrowing were similar for all females housed in control and treatment pens (Table 2) . Females in treatment pens weighed less at mixing (P < 0.001) and before the subsequent farrowing (P < 0.001) but gained more BW(P < 0.01) during gestation than did females in control pens. Body condition scores and backfat thickness before farrowing were greater for females in treatment pens compared with females in control pens (P < 0.01). No differences in BCS and backfat thickness between the 2 groups were observed at mixing.
Injury Scores. No difference in injury scores for all females between treatment and control groups was observed before mixing (Table 2) . After mixing, females in treatment pens had fewer injuries on their body (P < 0.001) and had lesser total injury scores (P < 0.01) than females in control pens. Within control pens, fi rst-parity sows had greater injury scores for the body (7.3 ± 0.86 vs. 3.8 ± 0.76; P < 0.001) and for an individual animal (12.6 ± 1.53 vs. 8.1 ± 1.38; P < 0.001) compared with their older pen-mates. Within treatment pens, however, there were no differences in injury scores for head and shoulders (5.0 ± 0.78 vs. 3.5 ± 0.69; P = 0.17), body (3.0 ± 0.86 vs. 2.3 ± 0.77; P = 0.58), or an individual animal (8.0 ± 1.53 vs. 5.8 ± 1.38; P = 0.30) between fi rst-parity sows and their gilt pen-mates.
Comparison of First-Parity Sows between Treatment and Control Pens
Reproductive Performance. No differences in wean-to-mating intervals, gestation length, and litter performance were observed in fi rst-parity sows between treatment and control pens (Table 3) . First-parity sows in treatment pens had similar BW at mixing, were heavier (P < 0.01) before the subsequent farrowing, and gained greater weight (P < 0.01) during gestation than fi rst-parity sows in control pens. The BCS and backfat thickness at mixing and before farrowing were not different for fi rst-parity sows between treatment and control pens.
Injury Scores. No differences in injury scores were observed in fi rst-parity sows between treatment and control pens before mixing (Table 3) . After mixing, injury score for the body (P < 0.001) and total injury score for an individual animal (P = 0.03) were less for fi rst-parity sows in treatment pens compared with their counterparts in control pens. No differences were observed in injury scores for head and shoulders after mixing in fi rst-parity sows between treatment and control pens.
Aggression Involving First-Parity Sows at Mixing. The total duration ( Figure 1 ) and frequency (Figure 2 ) of all agonistic interactions involving fi rst-parity sows were greater during the fi rst 6 h compared with other periods during the 72-h observation period (all P < 0.001). Because no interactions between treatment and time after mixing for any aggressive interactions (both duration and frequency) were observed, treatment effect was tested for total duration and frequency of each agonistic interaction during the entire 72 h of the observation period (Table 4) . Compared 1 Sow-pen = control group. Each sow-pen consisted of 4 fi rst-parity sows and 11 multiparous (parity 2 to 10) sows.
2 Gilt-pen = treatment group. Each gilt-pen consisted of 4 fi rst-parity sows and 11 gilts.
3 In sow-pens, 58 farrowed with 18 not returning to estrus and 12 not pregnant. In gilt-pens, 71 farrowed with 9 not returning to estrus and 10 not pregnant. 4 Data collected on all females. 5 Data collected on females that farrowed. 6 Injury score system used: 0 = no injury (skin unmarked); 1 = slight injury (less than 5 superfi cial wounds); 2 = obvious injury (5 to 10 superfi cial wounds or up to 3 deep wounds or both); 3 = severe injury (more than 10 superfi cial wounds or more than 3 deep wounds or both).
7 For the purpose of injury assessment, body surface was imaginarily divided into 12 regions: snout, 2 ears, 2 shoulders, 2 fl anks, 2 hindquarters, back, tail, and vulva. An injury score for head and shoulders was calculated by combining injury scores for snout, 2 ears, and 2 shoulders with a maximum possible score of 15.
8 An injury score for body was calculated by combining injury scores for 2 fl anks, 2 hindquarters, back, tail, and vulva with a maximum possible score of 21. 9 A total injury score was calculated by adding injury scores for the 12 regions with a maximum possible score of 36.
10 Injury score before mixing was used as a covariate. 1 Sow-pen = control group. Each sow-pen consisted of 4 fi rst-parity sows and 11 multiparous (parity 2 to 10) sows.
3 Data were collected on all fi rst-parity sows that were moved to the gestation pens.
4 Data were collected on fi rst-parity sows that farrowed. 5 Injury score system used: 0 = no injury (skin unmarked); 1 = slight injury (less than 5 superfi cial wounds); 2 = obvious injury (5 to 10 superfi cial wounds or up to 3 deep wounds or both); 3 = severe injury (more than 10 superfi cial wounds or more than 3 deep wounds or both).
6 For the purpose of injury assessment, body surface was imaginarily divided into 12 regions: snout, 2 ears, 2 shoulders, 2 fl anks, 2 hindquarters, back, tail, and vulva. An injury score for head and shoulders was calculated by combing injury scores for snout, 2 ears, and 2 shoulders with a maximum possible score of 15.
7 An injury score for body was calculated by combining injury scores for 2 fl anks, 2 hindquarters, back, tail, and vulva with a maximum possible score of 21.
8 A total injury score was calculated by adding injury scores for the 12 regions with a maximum possible score of 36.
9 Injury scores were assessed 48 h after mixing in gestation pens, and the injury score before mixing was used as a covariate.
with control pens, fi rst-parity sows in treatment pens fought more frequently (P = 0.01) and tended to fi ght for a greater period of time (P = 0.08). First-parity sows had more head-to-body fi ghts (P = 0.03) in treatment pens than their counterparts in control pens. In addition, fi rst-parity sows had more parallel pressing (P = 0.04), tended to engage in parallel pressing for a longer period of time (P = 0.08), and won more fi ghts of parallel pressing (P = 0.04) in treatment pens compared with control pens. No differences were observed in the total duration of head-to-body and headto-head knocking, frequency of head-to-head knocking, or wins for knockings or defeats for all agonistic interactions between fi rst-parity sows in treatment pens compared with fi rst-parity sows in control pens.
DISCUSSION
Major fi ndings from this study were that fi rst-parity sows in gilt-pens fought more frequently, tended to fi ght for a greater duration at mixing, and won more fi ghts of parallel pressing than did their counterparts in sowpens. In group housing systems, dominant pigs usually fi ght more frequently for longer periods and win most Figure 1 . Total duration of aggressive interactions involving fi rst-parity sows during the fi rst 72 h after mixing in a group-housed gestation system. Means of head-to-body knocking (P < 0.001), head-to-head knocking (P < 0.001), and parallel pressing (P < 0.001) for the period of 0 to 6 h were greater than those for the other periods. Figure 2 . Frequency of aggressive interactions involving fi rst-parity sows during the fi rst 72 h after mixing in a group-housed gestation system. Means of head-to-body knocking (P < 0.001), head-to-head knocking (P < 0.001), and parallel pressing (P < 0.001) for the period of 0 to 6 h were greater than those for the other periods.
fi ghts than subordinate pen-mates (Strawford et al., 2008; Stukenborg et al., 2011) . Therefore, fi rst-parity sows seemed to act as dominant sows in gilt-pens but as subordinate sows in sow-pens. Perhaps the greater BW of fi rst-parity sows made them dominant in gilt-pens because BW (or size) is one of the factors affecting the dominance hierarchy of a sow in a group (Turner et al., 2006; Strawford et al., 2008; Stukenborg et al., 2011) . Compared with gilts, fi rst-parity sows were heavier at mixing and before farrowing, indicating that fi rst-parity sows were likely heavier than gilts throughout gestation. The dominance hierarchy of the fi rst-parity sows in giltpens may be simply due to their heavier BW and larger size compared with gilts. Similarly, fi rst-parity sows in sow-pens were subordinate possibly because they were lighter both at mixing and before farrowing than their sow pen-mates.
Dominant sows may need to fi ght with more opponents than subordinate sows (Langbein and Puppe 2004; Turner et al., 2006; Stukenborg et al., 2011) . This might be the reason that fi rst-parity sows fought more frequently in gilt-pens compared with fi rst-parity sows in sow-pens. In this study, fi rst-parity sows were involved in about 3 times more parallel pressing in gilt-pens than their counterparts in sow-pens. Parallel pressing is the most intense aggressive interaction, and outcomes of the fi ght contribute to the determination of ranking status of a sow in a group (Turner et al., 2006) . First-parity sows in gilt-pens won more fi ghts of parallel pressing than did their counterparts in sow-pens, suggesting a higher position in the dominance hierarchy for fi rst-parity sows in gilt-pens.
In our study, most fi ghts involving fi rst-parity sows occurred during the fi rst 6 h after mixing, which is similar to that observed in previous studies with grouphoused gestating sows (Moor et al., 1993; Arey, 1999; Li et al., 2011) . The total duration of head-to-body knocking, head-to-head knocking, and parallel pressing during the fi rst 6 h were 3.4, 3.4, and 29.1 times greater, respectively, than the averages for the other 72-h periods after mixing. Similarly, the frequency of head-to-body knocking, head-to-head knocking, and parallel pressing during the fi rst 6 h were 2.4, 2.3, and 13.0 times greater than the averages for the remaining periods of the 72 h, respectively. Because parallel pressing is the most intense aggressive interaction, the prevalence of parallel pressing during the fi rst 6 h suggests that controlling aggression to improve well-being and performance in group-housed gestating sows should focus on the initial 6 h after mixing.
Another fi nding of this study was that fi rst-parity sows in gilt-pens had fewer scratches after mixing compared with fi rst-parity sows in sow-pens. In fact, the total injury score for an individual animal and the injury score for the body in all females after mixing were less in giltpens compared with sow-pens after mixing. This implies that overall aggressive interactions at mixing could be less intense in gilt-pens compared with sow-pens (Barnett et al., 1993; Seguin et al., 2006; Turner et al., 2006) . These results were consistent with previous studies (Pitts et al., 2000; Strawford et al., 2008; Li et al., 2011) showing that mixing-induced aggression among pigs increased as pigs aged. Because of less intense fi ghting in the pen, fi rst-parity sows in gilt-pens sustained fewer scratches on their body after mixing compared with fi rst-parity sows in sow-pens. One concern about housing fi rst-parity sows with gilts was that skin lesions for gilts caused by fi ghting might be increased because fi rst-parity sows dominate gilts and subordinate sows usually suffer more scratches than dominant sows (Strawford et al., 2008; Ison et al., 2010) . Data from this study indicate that this was not the case. In this study, we observed that fi rst-parity sows sustained a similar degree of scratches to their gilt pen-mates in the gilt-pen after mixing, indicating that subordinate gilts in gilt-pens did not suffer more scratches than dominant fi rst-parity sows. This might be attributed to the fact that the majority of females in gilt-pens were gilts. By contrast, fi rst-parity sows in sow-pens had a greater degree of scratches than their older pen-mates. Within sowpens, fi rst-parity sows sustained more scratches on the body after mixing compared with their older pen-mates. Turner et al. (2006) demonstrated that subordinate sows that lost most of the fi ghts at mixing usually sustain more scratches on the rear part of their body. This is because after being defeated, subordinate sows can be attacked on the rear part of the body during retreat from the fi ght. By contrast, dominant sows that won most of the fi ghts usually have more scratches on the front part (head, neck, and shoulders) of their body (Turner et al., 2006; Stukenborg et al., 2011) because dominant sows use the front part of their body to attack opponents. These authors suggested that dominance status of a sow can be assessed based on the locations of the injury caused by aggression. Our results support their suggestion that fi rst-parity sows in sow-pens won fewer fi ghts of parallel pressing and sustained mores scratches on the rear part of their body, indicating subordinate status of these young sows in the pen. In addition, fi rst-parity sows in gilt-pens had lesser total injury scores than did fi rst-parity sows in sow-pens. The lesser total injury score is indicative of less severe injuries caused by aggression for fi rst-parity sows in gilt-pens compared with their counterparts in sow-pens. These results indicate that by grouping fi rst-parity sows with gilts, young sows can be protected from intense aggression and severe injuries associated with aggression.
First-parity sows in gilt-pens gained more BW during gestation and had a greater farrowing rate than fi rst-parity sows in sow-pens. This difference in weight gain and farrowing rate might be associated with reduced social stress for fi rst-parity sows in gilt-pens compared with sow-pens. Previous studies have demonstrated that social stress can reduce growth rate in pigs (Schouten, 1991) and dominant pigs can gain more BW than subordinate pigs in a group (Wellock et al., 2003; Ison et al., 2010; Manteuffel et al., 2010) . In our study, fi rst-parity sows in both gilt-pens and sow-pens were provided the same amount of feed (2.5 kg/d) in individual feeding stalls throughout the gestation period. So, feed allocation was not likely the reason for the difference in BW gain of fi rst-parity sows between the 2 treatment groups. Instead, the improved weight gain for fi rst-parity sows in gilt-pens could result from improved dominance status and reduced injuries caused by aggression at mixing. Ison et al. (2010) reported similar results to ours that gilts that sustained greater skin lesion at mixing gained less BW compared with gilts that had less skin lesion. In addition, the improved dominant status and reduced injuries was associated with improved farrowing rate in fi rst-parity sows in gilt-pens compared with their counterparts in sow-pens. In gilt-pens, 94% of fi rst-parity sows farrowed whereas in sow-pens only 67% farrowed. Even though the total number of fi rst-parity sows involved in this study was limited, we observed that housing fi rst-parity sows with gilts can improve farrowing rate. Our results support results reported by Olsson and Svendsen (1997) that mixing-induced social stress can reduce farrowing rate in gilts. This study also demonstrated that housing fi rst-parity sows with gilts did not compromise welfare and performance of gilts in the pen because injure score, farrowing rate, or weight gain during gestation for gilts was not signifi cantly different from fi rst-parity sows in gilt-pens. A total of 18 in control pens and 9 in treatment pens did not return to estrus within 1 wk after weaning in this study. Among these females, 12 were multiparous sows in control pens and 4 were gilts in treatment pens. The number of fi rst-parity sows that did not return to estrus was similar between control and treatment pens (6 in control pens vs. 5 in treatment pens). Causes for lack of estrus in these females were not clear. We suspect that factors such as seasonal effects, estrus during lactation, or stress caused by mixing may all contribute to failure to return to estrus in these females.
This study demonstrated that injuries caused by agonistic interactions at mixing were greater in sow-pens than in gilt-pens. First-parity sows in sow-pens suffered more injuries after mixing than contemporaries housed in gilt-pens. By grouping with gilts, fi rst-parity sows can be shielded from severe injuries caused by initial aggression. First-parity sows fought more frequently, tended to fi ght for a longer period of time, and won more fi ghts of the most intense parallel pressing, but they sustained fewer scratches on their bodies after mixing, gained greater BW during the gestation period, and had greater farrowing rates when housed with gilts compared with housing them with sows. Therefore, we suggest that farmers should consider dividing their herd into a gilt and fi rst-parity group and a multiparous (second parity and greater) group and house the 2 groups in separate pens to improve well-being and performance of fi rst-parity sows.
